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An investigation w a s  conducted t o  evaluate  the  effects of s p l i t  
flaps,  elevons, sharp leading edges, drooped-aose flaps, and extended- 
nose flaps on the lift, drag, and pitching-moment characteristics at 
low speed of a wing-fuselage codinat ion having a wing w i t h  the lead- 
ing edge swept back 63O and having an aspect  ratio of 3.5. Measure- 
ment s were also made of the rol l ing moments produced by the-elevons . 
In addition, 8 study w a 6  made t o  evaluate the ef fec ts  of the fuselage 
and possible Reynolds nuniber effects  on the characterist ics of tkre’ wing. 

The optimum chordwise posttion of the split flap  for  increasing 
the l i f t  coefficient attained before  the  occurrence of longitudinal 
Fnstability and for  reducing  the  drag at high l i f t  coefficients was 
the  position w i t h  the split f lap  hinge line  coincident w i t h  the 
t ra i l i ng  edge of the wing. The effectiveness of the elevons for 
producing rol l ing moments was nearly constant up . to an angle of 

- attack of go, but  decreased at   greater  asgles of attack. The full- 
span leading-dge flaps  Increased the l i f t  coefficient attabed 
before the  occurrence of longitudinal  instability  considerably more 
than did the 50”percent span leading-edge  flaps.. The extended-nose 
f l a p  was about twice as effective as the drooped-nose f l a p  i n  
reducing the drag of the model at  the higher lift coefficients. 

INTRODUCTION 

A coordimted program is  being  conducted st -8  Aeronautical 
Laboratory t o  provide  information  throughout an extensive  range of 
Mach and Repolas nmibers on a wing-fuselage conkination employing 
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a w i n g  with  the  leading edge swept back 63' asd having an aspect 
r a t i o  of 3.5. According t o  the tboret ical   considerat ions of refer- 
ence 1, a w i n g  of this  plan form should be ca3able of .efficient 
flight a t  supersonic Mach numbers  up t o  1.5. Experimental resu l t s  
from tests of wings of th i s  p k  form at high Mach or  Remolds 
n d e r s  Elre presented in references 2, 3, and 4. 

A wing-fuselage conibination having a w i n g  of the plan form just  
described was investigated  in one of the Am36 7- by 10-foot w i n d  
tunnels t o  evaluate  the  effectiveness of varfous f laps  and particu- 
l a r l y  their  capacity  for  e1"ting the Imge changes in  the longi- 
tud ina l   s tab i l i ty  which  have been found t o  OCCUT above a l i f t  coef- 
f i c i en t  of 0.4 (reference 4). In this connection, a drooped-nose 
f l ap  and 811 extended-ose f l ap  were t e s t ed   i n  conjunction  with 
trailing-dge  flaps.  Furthermore, an investigation wa6 made t o  
determine the optimum chordwise posit ion of s p l i t   f l a p s  and the 
effectiveness of elevons of two different  plan forms. 

NOTATION 

A l l  forces and moments a re   re fe r red   to  the w i n d  axes with the 
origin on an extension of ,ths w i n g  root chord st the same longi- 
tudinal  position 8 s  a point a t  25 percent of the w i n g  mean aero- 
dynamic chord. 

coefficient 

l i f t  coefficient 

(p) 

ro l l ingament   coef f ic ien t  

pitching-moment . coefficient " I  . .. . (pit chiy=-nt) 
, . 

aspect  ratio (% ] 
span of semispan w i n g  perpendicular t o  the p k e  of sptnetry, 

feet 

wing chord paraillel to plane os symmetry, f ee t  

X 
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L 

. 

ZW w i n g  loading, pounds per square foot  

g free-stream -ic pressure (sV2) , pounds per square foot 

R 

r 

s 

V 

VS 

X 

Y 

a 

6 

v 

P 

Reynolds nuniber 

fuselage radius,   feet  

axe8 of semispan win@;, squaxe f e e t  

free-stream  velocity,  feet per second 

sinking speed, feet per second 

longitudinal distance, f ee t  

la teral   d is tance,  feet 

angle of attack of the wFng chord plsne, de'mees 

control-surface  deflection lneasured in  a plane norms1 t o  the 
hinge line (For  positive  deflectiona, the f lap  is  below the 
wing-chord plane. ) degrees 

kinematic  viscosity of sir, feet aquared per second 

mass density of air, slugs per cubic foot 

Subscripts 

d drooped-ose f lap  

e elevon 



4 

f split f lap  

i induced 
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n extended-nose f l ap  

u uncorrected 

CORRECTIONS 

An expkumtion of the mthod uS8d in Calculating  the W i n d -  
tunnel- corrections which were applied t o  the data i e  given in 
the appendix. The equations used in correcting the data are a s  
follows: 

c, = + 0.0010 C& 

Me8sUreIWIltS were made of the  deflection due t o   t he  aerodynamic 
loads of the model at various spanwise positions and of the change 
Fn angle of attack of the w i n g  t i p  f o r  dynamic pressures ranging 
from 20 t o  150  pounds per square foot. For a lift coefficient of 
0.35 and a dynamic pressure of 50 pounds per square foot the wing 
t ip   def lected 0.33 inch above its no-load  position; however, only a 
negligible change in angle of attack of the w i n g  t i p  was measwed. 
Evidence that the effecte  of model distort-lon were negligible was 
a lso obtained f r o m  tests of this model in the Anms 32"foot pressure 
wisd tunnel  (reference 3) at dynamic pressures of 53 and 105 pounds 
per square foot for a constant Reynolds nmiber of 9.75 x los. O n l y  
small  affects on ths aerodynamic character is t ics  of the w i n g  w e r e  
produced by t h i s   d y a a m i c ~ e s m e   v a r i a t i o n .  Hence, no corrections 
have been applied t o  the data of the- present tests for  the ef fec ts  
of model distortion. 
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The semispan wing used for this  investigation had i t s  leading 
edge swept back 630, an aspect  ratio of 3.5 based on the geometry of 
the complete w i n g ,  a taper ratio (ratio of t i p  chord to   root  chord) 
of 0.25, no twist, no dihedral, and the NACA &A006 pro f i l e  paral le l  
t o   t h e  plane of symmetry. The model w i n g  i s  shown in figure 1 
mounted f r o m  the floor of the Ames 7- by 10-foot w i n d  tunnel Bo. 2. 
Model dimensions are  presented in figure 2. 

A gap of one-eighth  inch  existed between the turntable and the 
extension of the wing spar which passed through the turntable to 
support  the model. The clearance between the tunnel  floor and the 
model was about onequarter  inch  except near the nose of the long 
fuselage where the gap was about three-quarters inch. 

&e fuselage w e d  in y8,r-L of t h i ~  investigation was semi- 
circular in cross section and had a flneness r a t i o  of 12.5. !IBIS 

fuselage is hereafter  referred to 88 the long fuselage.1 Due t o  
pss ib le  effects of the wind-tunnel walls on the erperimental 
results,  the mu3nv.m angle of a t tack employed with this fue lage  
wa8 260. To allow for a greater angle-of-attack range f o r  the 
major portion of the  investigation, this fueelage w&8 shortened to 
a fineness r a t i o  of 10.5. This fuselage is referred to ae the 
short  fueelage.2 The wing is sham in combination w i t h  the long 
and short fuselages i n  figure 3. 

The model w a s  tested w i t h  a 0.254hord  spll t  flap in four 
chordwise positions on the w i n g  with hinge Ibes along lines of 
c o n s t a n m r c e n t  w i n g  chord (40, 60, 75, and 100 percent of the 

'Equation f o r  contour 'of long fuselage (see fig.  2) 

r = 0.680 [ 1.ooO - (..m - - ) 2 ]  8.500 ='* 
2Equations f o r  contour of short fuselage ( 888 f ig .  2) 

Nose: r = Ic)T.371 - (x-3.116)2 - 8.226 

Tail: r = d0.918 - (~-0.718)~ - 0.635 
The ordinates of the center portion of the short fuselage were 

ident ica l   to  the ordinates of  the center portion of the long fkse- 
lage from 51.00 inches t o  183.60 inches from the nose of the long 
fuselage. . 
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wing chord), and i n  two chordwim positions  with hinge lines normal 
t o   t he  air stream. The model was a l s o  investigated  xfth a split flap 
of tr iangular plan form w i t h  i ts  hinge line coincident w i t h  the 
t ra i l i ng  edge of the w i n g .  A l l  of the split f l a p s  had the same area 
and extended from the  fuselage to   t he  midaemispan of the w i n g .  The 
dimnsions and positions of the s p l i t   f l a p s  on the wing are sham 
in figure 4. 

The model was investigated w i t h  an elevon having chords equal 
t o  25 percent of the  local w i n g  chord, and with an elevon of constant 
chord.  Both  elevons  extended from the midsemispan to the w i n g  t i p  
and had unsealed  radius noses, The dimensions of the  elevons  are 
given in figure 2. 

Sectional views of the LeadFng-edge f laps  and the sharp lead- 
edge are sham in  figure 5. The model was tested  with these devices 
having span equal t o  50 and 100 percent of the w i n g  spin. The 50- 
percent-span  leading-edge flaps extended from the midsemispan t o  
the w i n g  t i p i  whereas the 5 ~ e r c e n t ” s p a n  sharp leading e m  e3e-d 
from the midsemispas t o  the wing-fuselage juncture.  Photographs of 
the model w i t h  the full-apan droope&+ose and extended-nose flaps are 
shown Fn figure 6 .  

Most of the t e a t s  were conducted at a dynamic pressure of 50 
pounds per square foot which corresponded to a Begnolds number of 
4.2 million. However, t o  investigate  possible Qnamlc scale  effects, 
some t e s t s  were performed throughout a Reynolds number range of 2.5 
t o  7.2 minim. 

RESULTS AND DISCUSSION 

Plain W i n g  and Wing4uselage C o n b i n a t  ions 

The results- of t e s t s  of the  plain w i n g  and wing-fuselage c d i -  
nations are  presented in f igum 7. The following chsracteristicB of 
the plain w i n g  are noted  just above a lift coefficient of 0.2: 
(1) The r a t e  of change of lift with asgle of attack  increased, and 
(2) the aercdynamic center  shifted  reanrard.  Observations of the 
flow in the boundary layer, by mans of short tuft8 of thread 
attached t o  the wing surface,  fndicsted that a local region of flow 
separation  occurred near the w i n g  leading edge in the vicinl ty  of the 
w i n g  t i p  at a l i f t  coefficient of approximately 0.2. The following 
character is t ics  of the plain w i n g  are noted in figure 7 juat above a 
lif’t coefficient of 0.4: ( 1) The rate of change of lif% with angle 
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d k 2  1 
of attack decreased, (2) the uingaff ic ienay  factor ,  - x  -, 

a%, 

decreased, and ( 3 )  the aerodynamic center  shifted forward. The 
surface tufts indicated a complete breakdown of flow near the w i n g  
ti3 a t  a l i f t  coefficient of about 0.4. 

The addition of either  fuselage  increased  the Iift-curve slope. 
( a c d h )  f r o m  0.042 t o  0.046 per degree ana increased the- drag at  
low l i f t  coefficients.  The same increase of the  lift-curve  slope 
was measured f o r  a geometrically similar model, having a full+- 
wing, i n   t he  Ames b- by  &foot wind tunnel  (reference 4) . The 
w i n g  in combination w i t h  the  short  fuselage had the same general 
character is t ics  as the wing i n  combination with the long fuselage 
except f o r  slight differences in the  pitching moments. During the 
investigation of the  various  control  devicee, the short fuselage 
w a s  used in combination w i t h  the wing to permit tes t ing  up t o  an 
angle of at tack of 38O. 

Reynolds Nmber 

Most of the data in th i s   repor t  were obtained at a Reynold6 
number of 4.2 million; however, to  investigate  possible dynamic- 
scale  effects  the  data  preeented in f i g u r e . 8  were obtained  throughout 
a Reynolds rimiber range of 2.5 to 7.2 million.  Increasing  the 
Reynolds nurdber from 2.5 t o  4.2 million  increased the lift coef- 
f ic ient   a t ta ined  before   the occurrence of l o n g i t u d h l   i n s t a b i l i t y  
of the  wing w i t h  'the long fuselage f r o m  about 0.4 t o  0.5, but had a 
negligible  effect  on t h i s  lift coefficient of the  plain w i n g .  
However, a further  increase of Reynolds number t o  7.2 million 
resulted in no improvement of this l i f t  coefficient. The drag coef- 
f i c i en t s  were reduced s l igh t ly   for  a l l  lift coefficients between 
0.1 and 0.8, but  the  l if t-curve slope w a s  not greatly affected by 
increasing the Reynolds number from 2.5 to 7.2 million. 

The ef fec t  of the 0.25-chord sp l i t   f l ap   in   severa l  chordwise 
positions on the   character is t ics  of the  model i s  shown in figure 9. 
The sp l i t   f l ap   wi th  i ts  hinge l i n e   a t   t h e  trailing edge of the w i n g  
yielded the largest increment of lift coefficient for  all angles of 
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attack and flap  deflections  investigated (an increment of at leas t  
0.4 up t o  an angle of attack of 24O) and increaaed the l i f t  coef- 
f ic ien t  attained before  the  occurrence of longitudinal  instabil i ty 
from about 0.5 t o  0.8. As the hinge line of the   sp l i t  f lap  was 
moved forward from 100 t o  40 percent of the w i n g  chord, the flap 
effectiveness  decreased  rapidly. Although the s p l i t  f l a p  with i t s  
hinge line at the wing t r a i l i ng  edge produced the largest lift 
increaees, this f lap  also produced the  largest  changes in longi- 
tudinal  balance. 

The s p l i t  flaps w i t h  t he i r  binge lines normal to the  air   dream 
provided less negative  pitching momnts and smaller lift increnrents 
than  did  the  spli t   f lap  with i ts  hinge line at the t ra i l i ng  edge of 
the wing (fig.  g (a ) )  . With the  spl i t   f lap  def lected 60° i n  the forward 
position  with i ts  hinge normal t o  the .air stream the l F f t  coefficient 
attained before ths occurrence of longitudinal  instabil i ty w 8 8  
increased from about 0.5 t o  0.6. Surface tufts tndicated that the 
sp l i t   f l aps  w i t h  their hinge lines norm1  to  the air stream caused 
flow separation t o  occur ini t ia l ly   near   the midsemispan of the wing 
a t  an angle of attack of 00. A t  angles of attack greater than U0, 
these sp l i t   f l aps  caused a larger  portion of the wing t o  stall, which 
is probably  responsible fo r  the decreased  lift-curve slope and the 
decreased maxirmun lift coefficient ( f ig .  9 (a)). 

Increase of the deflection of the split flaps from 45' to 75O 
caused relat ively small changes i n  the l i f t  and pitchingdloment 
character is t ics   ( f ig .  9( a)).  Deflecting some of the s p l i t  flape 
more than 45O, for  example, the flap hinged a t  100 percent of the 
w i n g  chord,  decreased  the. maximum lift coefficient. Only the s p l i t .  
f l ap  at the t ra i l i ng  edge of the w i n g  greatly reduced the drag of 
the model a t  high lift coefficients  (f ig.  9( b) ) . 

The data for  the d e l  with the   sp l i t  flap of triangular plan 
form and with the s p l i t   f l a p  of constant;percent chord (both  hinged 
dong the wing trailing edge) are presented in figure 10. A t  high 
angles of attack  the split flap of triangular plan form produced 
slightly  larger increments of lift coefficient %has. the   epl i t   f lap 
of constant-percent  chord of the ~ a m e  area. Longitudinal insta- 
b i l i t y  occurred at approximately the same l i f t  coefficient w i t h  the 
same deflection of e i ther   f lap,   but  the s p l i t   f l a p  of triangular 
plan form deflected 45O produced slightly less negative  pitching 
moments a t  smll angles of attack. With either flap a t  Oo angle in 
the extended position, the l i f t -curve slope was increased from 0.046 
t o  0.052 per  degree and the aerodynamic center was shifted rearward 
1.5 percent of the man aerodynamic chord a t  -11 l i f t  cpefficients. 



The drag  characteristics of the model with tlu3 triangular f lap were 
similar t o  those of the model with  the  25-percenkhord s p l i t  f l ap  
f o r  the sam= f l a p  deflections  (fig.  10(b)). 

Elevans 

The characterist ics of the model w i t h  various  deflections of the 
constant-percent-chord  elevon and the  constast-chord  elevon are 
presented in figure ll. The pitching m n t s  with  the  canstant-chord 
elevon  undeflected were sl ightly  different f r o m  the  pitching moments 
with  the  constant-percent-chord elevon undeflected. Similar discrep- 
ancies may be found in other figures of this   report .  These d i s c r e p  
escies  are  believed t o  have been caused by slnsll differences  in the 
contour or  in the Oo sett ings of the various  controls. A t  snadl 
angles of attack,  the  rates of change of pitch" and r o l l i e  
mmnt  coefficients w i t h  elevon  deflection fo r  the two elevons were 
approximately in  proportion t o  their area  mmsnts  about  the  pitch o r  
r o l l  axes.  The ra te  of change of lift, pitching-moment , and 
rolling-mnt  coefficient w i t h  elevon  deflection remained nearly 
conatant up t o  an angle of attack of go, decreased between angles of 
attack of go and 17O, but  increased st higher  angles of attack f o r  
negative  deflection of the  elevons. I n  the low lift range,  the  rate 
of change of pitching-nent and rolling+uoxnent coefficients  with 
elevon  deflection  decreased  as the negative  deflection of the  elevon 
exceeded 30°. 

The c b a c t e r i s t i c s  of the model w i t h  the constan-hord elevon 
and the  0.25-chord spl i t   f lap  def lected 45O at the w i n g  t r a i l i ng  edge 
are  presented in figure 12. This was the  elevon  split-flap conibina- 
tion  tested  with  the  leading+dge  flaps which w i l l  be discussed in 
the  succeeding  sections of this report. "F+e ra te  of change of lift 
and rolling-naoment coefficients  with  elevon  deflection remained 
nearly constant t o  an angle  of attack of 5O, but  decreased at hfgher 
angles of attack.  Therefore,  with the split flap  the  effectiveness 
of the  constant-chord  elevon began t o  decrease a t  a smaller erngle 
of attack  than  without  the split flap (figs.  ll and 12) . 

As mentioned herehibefore  the  split flap hinged a t  the w i n g  
trailing edge produced large changes i n  belance;  therefore, the 

SThe m m n t  of the  area of the consb t - chord  elevon  about e i ther  
the  pitch or  the r o l l  a r i a  x88 approximately 1.5 t h e e  that of 
the constan+percenbhord elevon. 
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longitudinal-stabil i ty -gin should be considered in choosing the 
type of control  surface t o  be  used for balance. With the  negative 
deflection of the elevon  limfted t o  bo, the split f lap deflected 
45’ and the  center of gravity a t  0.25F, the wing-fusela conibimt’ion 
could be balanced only for lift coeff ic ients  zrp to 0 . 8 f i g .  1 2 ) .  
However, it appears  possible t o  w e  a mre resl-~ard genter of gravity 
and s t i l l  t o  maintain  adequate  longitudinal  stability at the lower 
l i f t  coefficients. With a more rearward  center of gravity,  the 
wing-fuselage combination  could  be  balanced a t  all l i f t  coefficients 
w i t h  ,smaller elevon  deflections,  thus al lowing more elevon  effec- 
t iveness  for  lateral   control.  

Leading4dge  Devices 

The model was tested w t t h  both  the drooped-noee f lap snd the 
extended-ose f lap deflected 30°, 3 5 O ,  bo, and wo. The optimum 
deflection  for either f l a p  was found t o  be aboyt 40’. A6 on ly  slight 
differences w e r e  noted Fn the resul t8   for  the eeveral deflections, 
only the results for the bo deflection are presented. The model 
w a 8  alao  investigated w i t h  each of the leading+dge flaps in ~arioue 
conibkations w i t h  the cons tanhhord  elevon mdeflected and deflected 
negatively 20°, and the 0.2-hord split flap undeflected and 
deflected 45O at the t r a i l i n g  edge of the w i n g .  

The character is t ics  of the model with the drooped-nose f lap of  
50-percent w i n g  span and of full w i n g  span are presented i n  figures 
13 and 14, respectively. The drooped-se f lap  of 50-percen-t wing 
span decreased the lift at a l l  angles  of attack and fa i led  t o  improve 
the pitching*oment character is t ics  of the d e l  ( f ig .  13). However, 
the drooped-nose flap of full  w i n g  span gave slightly be t t e r  results, 
increasing the lift coefficient a t  which  long-ltudinal i n s t ab i l i t y  
occurred  about 0.15 with  the  spl i t   f lap  re t racted and about 0.04 with 
the split f lap  extended (fi  . 14). With the elevon deflected -40°, 
the   sp l i t   f l ap   def lec ted  45! and the drooped-nose flap of full w i n g  
span deflected bo, the lift coefficient attained before the 
occurrence of longitudinal  instabil i ty was greater than 1.0 (f ig .  14). 

The character is t ics  of the model w i t h  ths extendedilose flap 
of 5-rcent wing span and full w i n g  span are presented in figures 
15 and 16, respectively. Th.e extended-nose flap of 50”percen-b w i n g  
span proved t o  be as ineffective a8 the drooped-nose f lap of 50- 
percent w h g  spsn for increasing the lift coefftcient of the model 
before ’the  OccuITence of longitudinal  instabil i ty ( f ige. 13 and 15) . 
However, w i t h  the   sp l i t   f l ap   def lec ted  45’ and the elevon deflected 
-POo, the extended-nose f lap  produced a more nearly linear variation 

I 
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of pitching+uomnt  coefficient with lift c f f i c i en t  up to a l i f t  
coefficient of 0.9 than did the drooped-no f lap  ( f igs .  13 and 15). 
With the  spl i t   f lap  def lected 45O, the ext nded ae f lap  of full 
w i n g  span inqeaeed  the lift coefficient - at  L b e  f o r e ins tab i l i ty  
more than  did the drooped+m3e flap of full w i n g  span> but  shifted 
the aerodynamic center forward about 9 percent of the man aero- 
dynamic chord (f igs .  14 and 16). This forward sh i f t  of the aero- 
dynamic center due t o  the extended-nose f lap  of full w i n g  span was 
partly  alleviated by deflecting  the  elevon 4 0 °  (the  elevon cauaed 
a reamrmd  displacement of the aerodynamic center of 3 percent of 
the man aerodynamic chord ( f ig .  16) ) . 

The drag  characteristics of the m o d e l  with the =-span 
leading+dge f laps  m e  presented in figure 17. The drooped-nose 
f lap  o r  the extended-aose f lap  of f u l l  w i n g  span reduced the drag 
coefficients of the madel at high lift coefficients, w i t h  the split 
flap either  retracted o r  extended. The extended-se flap was about 
twice as effective as the  droopedaose  flap in reducing the drag st 
high lift coefficients. 

The importance of drag a t  high l i f t  coefficient B can be 
appreciated  by  considering  the sinking speed of an airplane. The 
variation of l i f t  coefficient w i t h  drag coefficient f o r  sinking 
speeds of 20, 30, and 40 f ee t  per second f o r  an assumsd w i n g  loading 
of 40 pounds per square foot is presented in figure 17. It should 
be observed that at  a lift coefficient of 1.0 the full-span extended- 
nose f lap  would decrease  the  sinking  speed of the wing-fuselage 
conibination with the split flap  deflected &Po st the w i n g  t r a i l i ng  
edge from greater thas 40 feet   per  second t o  about 30 feet per 
second. The l imiting due of sinking speed recommnded in  reference 
5 is  25 t o  30 f ee t  per second. 

The characterist ics of the model w i t h  the sharp leading  edges 
of 50-percent w i n g  span and of full wing span are s h a m  in  figure 
18. The 8harp leading edges eliminated the increase in longi tudhal  
s t ab i l i t y  which occurred  just above a lift coefficient of 0.3; 
however, they  decreased the l i f t  coefficient attained before the 
occurrence of longitudinal  instabilitg. The addition of the s w  
leading edges moved the aerodynamic center forwardl at low lift coef- 
f ic ien ts  and increaeed slightw the lift at  high sngles of attack. 

Highest L i f t  Coefficient  Attained 
Before  Longitudinal  InBtability 

Although none of the deeces  eliminated the  longitudinal 
instabi l i ty ,  some devices  substantially increased the lift coefficielrt 
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st which ins tab i l i ty  first occurred. The highest lift coefficients 
attained  before the occurrence of longitudinal  instabil i ty f o r  the 
model w i t h  the  various f l a p s  are summarized in figure 19. The 
largest   galnoin  this lFft coefficient -8 produced by the ep l i t  flap 
deflected 45 a t  the traflhg edge of the w i n g .  The addition of the 
leading-edge f laps  of m-percent w i n g  span deflected bo increased 
this  lift coefficient elightly. However, with either of the lead-- 
edge f laps  of f u l l  wing span deflected bo, the elevon  deflected 40°, 
and the split flap  deflected 45O, a lift coefficient greater than 1.0, 
w a s  attained  before  longitudinal  instability  occurred. 

coNcLusIoNs 

From an experimental  inveatigation at low speed of the  effects  
of sp l i t   f l aps ,  elevons, and leading-dge devices on the charac- 
t e r i s t i c s  of a wing-fuselage conibination employing a w i n g  swept 
back 6 3 O  it i s  concluded that: 

1. For the plain wing-fuselage conbination, an increase  of 
Reynolds nuniber from 2.5 t o  4.2 million increased  the lift coef- 
f ic ien t  attained before  the  occurrence of longitudinal  instabil i ty 
from about 0.4 t o  0.5, but a further increaae of Reynolds nuniber t o  
7.2 million resulted in  no improvement of t h i e  lift coefficient. 

2. The optimum chordwise Fosition of the s p l i t   f l a p  for  delaying 
the  occurrence of longi tudinal   instabi l i ty   to  a higher lift coef- 
f i c i en t  was the position w i t h  the f l ap  hinge line coincident w i t h  
the wing t ra i l ing  edge. This was the only position of t he   sp l i t  
f lap  which greatly reduced the drag of the model a t  the higher l i f t  
coefficients. 

3 .  The r a t e  of change of lift, pitching moment, and rol l ing 
moment w i t h  elevon  deflection remained nearly constant up t o  an 
angle of attack of about go, but. decreased a t  greater angles of 
at  tack. 

4. The 50”prcent”span lead-dge f laps gave no significant 
improvement in the pitching+mmnt  characteristics of the model. 
However, the full-span leading-edge flaps deflected bo increased 
the lift coefficient  attained  before  the  occurrence of longitudinal 
i n s t ab i l i t y   t o  a value greater than 1.0 with the ep l i t  f l a p  deflected 
45O at the  t ra i l ing edge of the w i n g  and the elevan  deflected -20’. 

5 .  The extended-ose’ f l ap  of full wing span was about  twice BB 
effective as the drooped-nose f lap  of ful l  w i n g  span fn reducing the 
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drag of the model a t  the higher lift coeflicients. 

6. With the full-span extended-nase flap  deflected bo, the 
s p l i t  flap deflected 45O a t   t he   t r a i l i ng  edge of the w i n g ,  and 8 
wing loading of 40 pounds per square foot, a sinking speed of 30 
feet  per second was indicated f o r  a lift coef fk ien t  of 1.0. 

Ames Aeronautical  laboratory, 
National Advisory C o m m i t t e e  f o r  Aeronautics, 

Mbffett  Field, Calif. 

Wind-tunnel- cor rec t ions   for   unmpt   re f lec t ionqkm 
models mounted on a +foot w a l l  of a 7- by l M o o t  wind tunnel have 
b.een presented Fn reference 6. For the purpose of the  present 
report,  the method used in reference 6 was modified t o  include the 
e f fec ts  of sweepback  upon the tunnel-vall corrections  for 8 reflection- 
plane model mounted on a 10-f oot w a l l .  

The spamrise distribution of load w a s  approximated by using t w o  
staggered  horseshoe  vortices as shown Fn figure 20. The normal method 
of sunning the induced velocit ies of a doubly infinite a g e  pattern 
was then followed. The induced velocity at the point P was 
computed separately f o r  each horseehoe vortex and added in  the 
f oUcrwing manner: 

(The s d s c r i p t  I re fers   to   the  horseshoe  vortex having the t ra i l i ng  
vortex a distance y l l  from the plane of symmetry, and the subscript 
2 refers  t o  the horseshoe vortex having the  trail ing  vortex a 
distance y1 from the  plane of s y m m e t r y  ( f ig .  20). ) 
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The t o t a l  boundary-induced vertical velocity vas then 

h 10-foot dimension of w i n d  tunnel 

m number of w e  patterns i n  fhe 2 direction 

n number o f  Image patterns in the Y direction 

Jd boundary-bduced vertical velocity r 
Tbe remahing agmbola IJI t h e  above equation are defined in fFgure M. 

- 
. ... . 

1 I I 

. .   . .  . . . . . . . 
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The values of f calculated by the  above equation were then 
used in  the basic  equation  given in reference 6 t o  obtain the actual 
wind-tuzmel-usll cmrect ions  l is ted in a previous  section of t h i s  
report. 

2. Madden, Robert T. : Aerodynamic Study of a Whg-uselage Cod-- 
t ion  Employing a W i n g  Swept  Back 63O.- Characteristics a t  8 
Mach  Number of 1.53 IncludhgXffect  of 5 1 1  Variations of 
Sweep. NACA RM No. A8J04, 1949. 

3. Reynolds,  Robert M. , and Smith, Donald W.: Aerodynamic Study 
of 8 Wing4Fuselage Conibination Employing a W i n g  wept  Back 
63O .- Subsonic Mach and  Reynolds N M e r  Effects on the Charac- 
t e r i s t i c s  of the W i n g  and on the  Effectiveness of an Elevon. 
NXCA RM No. A m 2 0 ,  1948. 

4.' McCormack, Gerald M., and Walling, Walter C.: Aerodynamic Study 
of a Wing4uselage ConibFnation Employing a W i n g  Swept  Back 
63O.- Investfgation of a LsrgeScale Model a t  Low Speed. 
NACA RM No. A8DO2, 1949. 

5 .  Gustafson, F. B., and OY3ullivan, William J., Jr. : The. E f f e c t  of 
Eigh W i n g  Loading on Landing Technique and Distance,  with 
Experimental Data f o r  the B 4 6  Airplane. RACA ARR No. Lk07, 
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6. Swanson, Robert S., and T o l l ,  Thomas A. : Jet-Boundary  Corrections 
f o r  Reflectionqlane Models i n  Rectangular Wind Tunnels. 
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Figure 1.- The wing mounted in one of the Ames 7- by 10-foot w i n d  
tunnels. 
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(a)  an@; 'fuselage. 

(b) Short fuselage and split flap. 

Figure 3.- The wing-fuselage conbinations mounted in one of the Ames 7- by 
10-foot wlna tunnels. 
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(b) Full-~pan extended*ose flap. 

Figure 6.-'The model with leading+dge f laps  mounted i n  one of the A m s  
7- by 10-foot wind tunnels. 
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Drag coefficient, C, 
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